Hie literature was surveyed in an attempt to define a program which would be successful in producing an alloy having high strength, high density, and lowtemperature ductility. Rhenium and its alloys, tungsten and its alloys, tantalum and ita alloys, platinum and its alloys, metal addition* to Use gamma-phase 8 wt % Mo -U alloy, and composites were considered. Work is already in progress on other uranium alloys by CMB-6 and Rocky Flats, and the possibilities could be better evaluated by them. The possible areas for study are: (a) the evaluation of a commercial composite manufactured by P. D. Mallory and Company which has high density, high strength, and good ductility; (b) using the 8 wt % Mo -U alloy as the matrix of a composite strengthened with tungsten or tungsten alloy wire. We would expect high density, high strength and good ductility; (c) studying tungsten composites wim a matrix of copper, silver, gold, tin, or their alloys. The techniques for producing composites should be developed fir we consider these the materials of the future; (d) the study of the mechanical deformation at low and elevated temperatures of tantalum-base alloys to increase their strength. Tantalum is ductile down to liquid hydrogen temperatures; (e) the evaluation of the low-tetr.perature behavior off the W -35 wt % Re -IB wt % Mo alloy. There appears to be no way in which the rhenium content can be lowered, so the cost will remain high; (f) the study of file addition of other alloying elemtate to tantalum, and larger additions of some elements which have alraady been surveyed. The hope would be to obtain an alloy with sufficient strength by soUd solution hardening that could be simply cast to useable shape; (g) ignoring cost, cold work or explosively form pure rhenium or rhenium-base alloys to increase their yield strength. These already have good low-temperature ductility, and are streagthened by very little cold deformation; (h) ignoring cost, strengthen platinum by additions of tungsten, molybdenum, nickel or something else: (i) me study oi'W -Re alloys, but this should be discouraged since not only is me cost high, jut there are many associated problems; (j) the study of factors which cause embrlttlement in tungsten and tungsten-base alloys; and (k) the addition of silicon, zirconium and/or vanadium to the S wt % Mo -V alloy.
I. INTRODUCTION
For certain applications, it is desirable to have a material of high density and high strength accompanied by some degree of ductility tec use at room temperature and slightly below. If the lower limit on density is arbitrarily placed at IS. 5 g/cm , men tantalum, tungsten, rhenium, osmium, irldium, platinum, gold, uranium, and alloys of these metals are the only materials mat can meet the density requirement. Very Uttie has been deae with osmium and iridium, and there has been no systematic study to produce high-strength alloys with gold and platinum. A number of investigations on uranium alloys are already underway and there will be no attempt here to summarize and evaluate the available date.
In this report, the metals tantalum, tungsten, platinum, and rhenium, and their allays as well as composites will be discussed. Evaluations will be made and guides for future research suggested. The grain size Is also an important factor, the lsrger the grain size fill other factors being equal) the higher the ductile-brittle transition temperature. Thi» is attributed to the smaller grain boundary surface area. This factor will be covered in more detail later.
P. RHENIUM AND RHENIUM BASE AKXOYS

Rhenium is one of the
With surface condition, the type of test, me strain rate during testing, the grain size and ofeer variables affecting fte measurement of (be ductile-brittle transition temperature, it is not surprising men Kilt there is considerable scatter in the repoT-ted data.
The presence of impurities at the grain boundaries, especially hydrogen, carbon, nitrogen,and oxygen are suspect in promoting brittle fracture. The low-tempsrature solubility of these impurities was studied* 10 * and estimates of the interstitial contents likely to be maintained in solid solution after moderate cooling rates were made for a number of the refractory metals. The interstitial contents lifcsly to be maintained in tungsten were orach lejs than 0.1 ppm for hydrogen, carbon.and nitrogen and 1 ppm for oxygen. The evidence for interstitial^ at the grain boundaries ouaing brittle fracture is pretty convincing. First, brittle fracture follows the grain boundaries. 7. If cost is of no concern, then the use of pure rhenium or very low alloys of rhenium should be considered. These cannot be formed warm, but can be deformed to about 30 % reduction in cross-sectional area at room temperature -pertis.pe mechanically or perhaps by explosive forming.
Secondly
Deformations of about 10% will give adequate strength,
and low-temperature ductility is not a problem. 8. Again, if cost is of no concern, then platinum base alloys could be studied. The available data are limited, but additions of tungsten, nickel, ruthenium, and molybdenum increase the strength rapidly. Platinum is basically ductile and shows promise in this respect. 9. The additions of rhenium to tungsten produces a more ductile product. However, effective additions are from 25 to 28 wt %, and this barely reduces the ductile-brittle transition temperature to room temperature. The alloy is expensive, difficult to fabricate because of its high strength at elevated temperatures, and is generally difficult to produce by powder metallurgy methods while at the same time retaining good ductility. We are pessimistic about the future success of this alloy where low temperature ductility is required.
The factors responsible for embrittling tungsten
should be studied. Many y jars have already been apent in this study, and if any derree of success is to be hoped for, then good quantitative measurements for interstitial impurities will be necessary. Also, the use of Auger spectroscopy and good transmission electron microscopy will be necessary. 
The effect of additions of silicon, vanadium
